Abstract. The large coolable and evacuable aerosol chamber AIDA is used as a cloud chamber to study processes of ice formation in tropospheric clouds. Intensity and depolarisation of forward-and back-scattered laser radiation is measured, caused by particles in a small scattering volume far from the walls. Number size distribution of interstitial aerosol and activated ice particles are measured with an optical particle counter. Droplet freezing and growth of the ice particles can thus be detected unambiguously. Particle freezing and growth is initiated by adiabatic expansion which leads to volume cooling and thus ice-and water supersaturation at constant wall temperature. Various insoluble aerosol components can be generated and added to the chamber in order to investigate their influence on ice formation processes at controlled temperatures and supersaturations.
INTRODUCTION
Ice particle formation is an important process in the troposphere and stratosphere. It can occur either by homogeneous freezing of droplets below about -35°C [1] , or be heterogeneously induced by so-called ice nuclei. E.g. it is speculated that soot particles from aircraft can act as ice nuclei [2] . A quantitative description of these processes is crucial for a better understanding of the lifetime of clouds with respect to rainout, and their optical properties. Distinction between supercooled liquid and frozen aerosol particles (cloud hydrometeors; PSC particles) is essential for the investigation of these ice nucleation processes.
EXPERIMENTAL

AIDA Cloud Chamber
A schematic cross section of the ADDA cloud chamber and some analytical and technical instrumentation is shown in Figure 1 . In this chamber (Volume = 84 m 3 ) we are able to simulate a wide range of atmospheric conditions: -90°C < T < +60°C, r.h. under static conditions near 100 %; pressures from above 1 bar to below 1 mbar; water and ice supersaturations. This covers conditions throughout the troposphere and lower stratosphere under which water clouds, mixed clouds, cirrus clouds, and even Polar Stratospheric Clouds (PSC) are formed. 
Ice Supersaturation
Water vapour supersaturation with respect to water or ice is achieved by controlled adiabatic expansion of the chamber air, using a large mechanical pump. This causes homogeneous volume cooling at constant wall temperature (Fig. 2) , as shown by careful studies of the temperature distribution during the expansion process. The temperature difference between the gas and the walls is a result of the steady-state between adiabatic volume cooling and heat flux from the walls into the chamber. A heat transfer model is applied to simulate the temperature changes in the aerosol vessel during pumping. Based on these temperature profiles the maximum saturation ratios with respect to ice and supercooled water were calculated assuming ice saturation in the vessel at starting the expansion and keeping the volume mixing ratios constant during pumping. The results are shown in Fig. 2 as function of the initial temperature in the vessel. With the currently available pumping system (solid lines) ice saturation ratios of up to 1.7 can be achieved. Saturation ratios up to 2.3 are reached at twice the current pumping speed that will be available in future experiments by using an additional expansion volume or an additional vacuum pump. FIGURE 2. Calculated maximum super saturation ratios S max with respect to ice and super cooled water that can be achieved depending on initial temperature for current pumping speeds (solid lines) and doubled pumping speed (dashed lines) that will be achieved in the future. We have built a backward / forward scattering system consisting of a narrow Argon ion laser beam (99% polarised radiation at 488 nm) which overlaps with the line of sight of two optical detectors at scattering angles of 176° and 4°. Laser radiation is scattered by particles in the overlap volume of ~ 1.8 cm 3 in the centre of the chamber, and detected polarisation resolved. The solid angle sensed by the detector optics, at a distance of 2 m from the scattering volume, is extremely narrow. Photon counting must therefore be used for high sensitivity and time resolution. The laser source and the detectors can be attenuated by neutral density filters to avoid saturation, and to match the sensitivities of the forward and backward scattering detectors.
Optical Detection of Ice Formation
RESULTS
An example for the depolarisation of backward scattered laser radiation by small ice crystals, and for the increase in depolarisation upon crystal growth is depicted in Fig. 4 . The pressure was 140 hPa at the beginning of the experiment, simulating lower stratospheric conditions at a temperature of 201K. The chamber air was approximately ice saturated, because ice had previously been formed on the walls. When a very small amount of humid air was rapidly introduced into the AIDA chamber at 201 K, small ice crystals grew immediately on the pre-existing seed aerosol, and a depolarisation ratio of -0.05 was observed. After 15 min the chamber pressure was lowered by constant pumping. While the temperature of the chamber walls remains essentially constant due to its large heat capacity, an adiabatic drop of the air temperature by AT -3 K was observed. This results in ice supersaturation which causes the ice crystals to grow, as indicated by a significant increase of the back-scattered intensity. Crystal growth also leads to an increase of the depolarisation ratio from 0.05 to a final value of about 0.08. Note that the depolarisation ratio, which is a function of the size and shape of the particles only, remains essentially constant at constant AT, while the back-scatter intensity drops due to ice crystal sedimentation. Further experiments are in preparation to systematically investigate the heterogeneous ice nucleation behaviour of e.g. soot and mineral aerosols. 
